Introduction
Blattaria (i.e., cockroaches), important as ecological decomposers, are one of the phylogenetically old insect groups. Fossil cockroaches occurred for the first time in the Late Carboniferous (Brongniart 1885; Zhang et al. 2012) , and gave birth to two different orders Isoptera and Mantodea (Vršanský 2002 (Vršanský , 2010 . They adapted to multiple types of ecosystems and reached a high level of ecological and morphological diversity (disparity) over the course of their evolution, including aquatic (Shelford 1909) , pollinating (Nagamitsu & InoueMeunier 1914; Martínez-Delclòs 1993; Vršanský 2003b Vršanský , 2004a Vršanský ,b, 2009 . A large numbers of taxa described and placed in this family in the past were transferred into Caloblattinidae (Vršanský 2000) .
Well-preserved complete fossil specimens with ultrastructure details and colouration recovered from the Yixian Formation, belonging to Perlucipecta gen. n. and described in this study, are significant because they represent the first complete Mesozoic cockroach recovered from sediments with such details, and also correspond to the first members of the Mesoblattinidae preserved in the Yixian Formation. The aim of this paper is to describe the morphological structures of the specimens, and compare them with representatives of their descendants, the Cretaceous-Recent family Ectobiidae ( = Blattellidae).
We test whether their morphology and microstructures are similar to the morphology of another family Ectobiidae, and compare coefficients of variation in the number of veins with other Jurassic cockroaches. The venation variability coefficients observed in these specimens, comparable to variability of species belonging to the family Blattulidae preserved at the same locality is surprising because variability trends are traceable in respective phylogenetic lineages and not in respective localities (and possibly in specific environments).
Material and methods
A total of ninety-two specimens of P. aurea and ten specimens of P. vrsanskyi are deposited in the fossil insect collection of the Key Laboratory of Insect Evolution & Environmental GEOLOGICA CARPATHICA  GEOLOGICA CARPATHICA  GEOLOGICA CARPATHICA  GEOLOGICA CARPATHICA, 2013, 64, 4, 291-304 Changes, Capital Normal University, Beijing, China. The specimens were examined with a Leica MZ 12.5 dissecting microscope and illustrated with the aid of a drawing tube attached to the microscope. Line drawings were made with Photoshop CS 8.0 graphic software. Photographs of the fossils were taken by a MZ12.5 dissecting microscope (Leica, Wetzlar, Germany), either dry or with alcohol applied to the surface (to reveal contrast and organic matter). The coefficient of variation was computed as the standard deviation in the number of veins divided by the average number of veins, on the basis of thirty-nine specimens with complete forewings, using SPSS 16.0 Statistical software. We refer to the total number of veins meeting the wing margin.
GEOLOGICA CARPATHICA
All specimens were found in a section exposing the Jianshangou Bed of the Yixian Formation at Chaomidian village, Beipiao City, western Liaoning Province, China. This area is situated in a volcanic sediment basin (Fig. 1) . There are at least three thick fossil-bearing beds formed by tuffaceous shales within the Yixian Formation, including the Jianshangou Bed located in the lower part of Yixian Formation. Three sections that expose the Jianshangou Bed are represented by Libalanggou-Sihetun, Jianshangou, and Huangbanjigou (Chen et al. 2004) . The material in this study came from several unidentified beds of the Huangbanjigou section that span dozens of meters. This section previously revealed a large number of well-preserved insects (Liu et al. 2007a,b; Tan et al. 2007; Gao & Ren 2008) . The age of the Yixian Formation is still debated, with three opinions: the Late Jurassic (based on insects and primitive fossil birds - Ren et al. 1997) , transitional Late Jurassic-Early Cretaceous (based on diverse insects, pterosaurs, ostracods and fish - Wang et al. 2004 Wang et al. , 2005 , and the Early Cretaceous (based on ostracods -Pang et al. 2002; Zhou et al. 2003) . Here, we consider the age of the Yixian Formation to be Late Jurassic or Early Cretaceous. The climate and the approximate paleolatitude of the location during the depositon of the Jianshangou Bed was subtropical humid as indicated by the cockroaches considered here.
The venation nomenclature used in this paper is based on the terminology of Comstock & Needham (1898) . Abbreviations used: RFW -Right forewing, LFW -Left forewing, HW -Hind wing, Sc -Subcosta, R -Radius, Rs -Radius sector, M -Media, Cu -Cubitus (A -anterior, P -posterior), A -Anal vein.
Systematic paleontology
Order: Blattaria Latreille, 1810 Family: Mesoblattinidae Handlirsch, 1906 Genus: Perlucipecta Wei & Ren, gen. n.
Type species : Perlucipecta aurea sp. n. Composition : Type species and P. vrsanskyi sp. n. Differential diagnosis : The present genus can be assigned to the family Mesoblattinidiae based on the following features: branched forewing Sc; hindwing simple Sc, Rs differentiated, simplified M, CuA with secondarily branched veins and blind rami.
It differs from all the other representatives of the family by the following features: expanded venation with retained intercalaries and distinct cross-veins; large size; facultative simplification of hindwing M.
Description : Head inverted-triangular shape, extending beyond the pronotum.
Pronotum elliptical, transversal (width longer than length), transparent near edges and coloured in the center.
Abdomen broad, with dark coloured longitudinal stripes. Cerci gradually pointed to the end, 9 segments and with alternating dark and pale colouration.
Forewing long, with rich venation (more than 42 branches at margin), Sc bifurcated, R rich and stem straight, M with abundant branches, CuA sparse, reaching the posterior wing, CuP radian concave and then convex to the posterior wing, A rich, simple, costal space shorter and smaller than clavus.
Hind wing Sc simple, R and Rs rich and branched, M simple or simply branched, CuA with abundant dichotomized branches and blind rami.
Character list
Head: inverted-triangular shape, extending beyond the pronotum slightly; eyes protruding beyond the outline of head: synapomorphic with living cockroaches;
Antennal sockets conspicuous at sides; antenna slender, almost as long as the body; mouthparts hypognathous, mandible strong with sharp teeth: synapomorphic with living cockroaches; Sensilla throughout the antennal segment: unknown; Palps (maxillary and labial) long: homoplastic with Caloblattinidae; Pronotum: large, wide (as wide as the body), almost 3 times wider than the head; elliptical, parallel edge; transparent margin and with dark markings at center: symplesiomorphic at the level of Phyloblattoidea;
Body wide (with markings at margin), slightly shorter than forewing: autapomorphic;
Tergal glands present: synapomorphic at the level of Caloblattinidae or earlier;
Cerci: with reduced number of segments (under 10) and alternating colouration: synapomorphic at the level of the family;
Cercal sensilla small circle, present at the margin of each segment: synapomorphic at the level of the family;
Legs Etymology : Perlucipecta is a combination of perlucidus (Latin for transparent) and pectus (Latin for thorax), referring to its specially transparent (in the edge) and coloured (in the middle) pronotum; gender feminine.
Perlucipecta aurea sp. n. (Figs. 2-7 , 10a,c,e,g,i,k; Table 1) Holotype: CNU-B-NN-2011610pc (part and counterpart), a well-preserved complete specimen (Figs. 2a, 3b ).
Type locality : Huangbanjigou, Chaomidian village, Beipiao City, Liaoning Province, North-east China.
Type horizon : Yixian Formation, Upper Jurassic or Lower Cretaceous.
Additional material : CNU-B- NN-2011600, 601, 603-606, 609, 611-613, 615, 617, 622, 627, 628, 631-635, 638, 640, 641, 643, 644, 646-649, 652, 657, 658, 660-666, 668-671, 673pc-674, 675, 677-680, 683-692, 694, 697-699, 701, 703, 706, 712, 715, 732, 733, 737, 739, 742-744pc, 747pc, 748, 749, 754, 757, 759, 774, 784-790, 795 .
Etymology : The specific name is derived from the Latin word "aureus" -(meaning "golden"), for the colour of the Yixian Formation sediment.
Differential diagnosis: The species differs from its congener P. vrsanskyi by distinct markings under forewing R region; the shape of a more simple tergal gland (convex to the abdominal segment) (Fig. 2e) , larger size and the shape of dark markings in pronotum.
Description: Middle-sized, with body length 8.9-13.2 mm (excluding pronotum), length of abdomen 9.0-12.5 mm, width of abdomen 3.5-6.0 mm. Head small, inverted-triangular shape, slightly longer than wide, slightly extending beyond the pronotum (length/width 1.9-2.2/2.4-2.8 mm) (Figs. 2h, 3a) ; antennal socket and compound eye obvious at sides, antenna length 12.4-13.5 mm, with 76-77 very short segments (Figs. 2b, 10k) ; antenna sensilla throughout the antenna segment (Figs. 2c, 3g) ; mandibles strong (Fig. 2i, Fig. 3d) .
Pronotum breadthwise elliptical, broad (length/width 2.9-4.5/4.5-5.5 mm), transparent by the edge and with dark markings in the middle; abdomen broad, with 6-8 segments distinct, with dark markings at margin; gland length 0.4-0.7 mm, width 1.2-1.5 mm, convex to the abdominal segment (Figs. 2e, 10a,c,e,g,i) ; terminalia smooth, with cerci gradually to the end (9 segments) and alternating colouration (Fig. 2f) , cercus sensilla preserved as small circles at the margin of each segment (Figs. 2g, 3e) .
Forewing: Length 12.0-17.0 mm, width 4.0-5.6 mm; broad, with distinct markings only from the middle to posterior end (Figs. 2a, 3b, 4-7) , with intercaleries and numerous crossveins; venation rich, with 43-54 veins at margin, forewing sensilla present in the veins (Fig. 2l) ing; clavus broad, more than 50 % of wing width; A gently curved, with 6-10 veins, some reaching CuP. Hind wing: Length 11.0-13.9 mm; with intercalaries and without pterostigma; with about 22-29 veins of remigium; Sc simple; R1 (2-4) and the Rs (8-14) are differentiated; M simple or bifurcated near margin, almost straight to wing apex; CuA with about 9-11 branches.
Legs : Slender (Figs. 2d, 3c) ; length of fore femora 1.16-1.49 mm and tibiae 1.16-1.22 mm, length of mid femora GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA, 2013, 64, 4, 291-304 GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA, 2013, 64, 4, 291-304 1.89-1.93 mm and tibiae 1.47-1.56 mm, length of hind femora 2.12-2.19 mm and tibiae 2.59-3.45 mm; legs gradually get longer from the front to the hind legs; mid and hind leg with spines on the tibiae, and spines strong and hard, with helical ridges (Fig. 3f) .
Perlucipecta vrsanskyi sp. n. (Figs. 8-9, 10b,d ,f,h,j)
Holotype: CNU-B-NN-2011704, male, nearly complete specimen (Figs. 8, 9 ).
Type locality: Huangbanjigou, Chaomidian village, Beipiao City, Liaoning Province, North-east China.
Type horizon: Yixian Formation, Upper Jurassic or Lower Cretaceous.
Additional material: CNU-B- NN-2011626, 630, 654, 656, 716, 727, 770, 791, 794 .
Etymology: The species name vrsanskyi is after Peter Vršanský, for the help he has given me for years.
Differential diagnosis: Differing from P. aurea in small size; pronotum colouration; shorter forewing; with markings only in the centre (Fig. 8a) ; hind wing with pterostigma; the shape of the gland (trapezoidal, parallel to the abdominal segment) as shown in Fig. 8c .
Description: Small-sized, with body length 8.7-10.0 mm (excluding pronotum), width of abdomen 3.1-3.8 mm. Head small, inverted-triangular shape (length/width= 1.5 mm/ 1.3 mm) (Fig. 9b) , extending beyond the pronotum slightly; pronotum length 1.9-3.0 mm, width 2.9-3.5 mm, with dark markings at center; abdomen with 7-8 segments preserved, wide in the middle of segments; gland length 0.6-0.7 mm, width 0.9-1.0 mm, trapezoidal, parallel to the abdominal segment (Figs. 8c, 10b,d ,f,h,j); terminalia with cerci alternating coloration.
Forewing: Length 9.0-11.0 mm, width 2.9-3.0 mm, with distinct markings in the center; with intercaleries and venation rich, with 46 veins at margin; Sc short and with 2 branches, Sc area shorter than clavus; R stem parallel reaching wing apex, with regular branching pattern reaching anterior wing margin, with 23 branches; main stem of M parallel to R; medial area wide, with 10 terminal branches; cubital area narrow and gently curved, with 3 branches reaching the posterior wing; CuP with radian convex; clavus broad, more than 50 % of wing width; A gently curved, with 7 veins, some reaching CuP.
Hind wing: Length 8.1 mm (as preserved); with intercalaries and with pterostigma; with about 26 veins of remigium; Sc simple; R1 (4) and the Rs (22) are differentiated; M bifurcated near margin.
Discussion
With the exception of the Mesoblattinidae, the Blattulidae, Liberiblattinidae and Caloblattinidae (Wang & Ren 2013) families, each represented by a few genera and species, occur in the deposits of the Yixian Formation (only the belowmentioned Blattulidae were described). Mesoblattinidae with ca. 200 specimens and 7 species (the two most common species are described here) numerically dominate in the cockroach assemblage from the Yixian Formation. Such dominance represents a standard pattern in all the Jurassic assemblages worldwide (Vršanský 2004a (Vršanský , 2008 . The proportion of the representative species P. aurea relative to all cockroaches approaches 10 % -a similar proportion as in the Tithonian of the Shar-Teg locality in Mongolia and Chernovskie Kopi in Russia (Barna in print) .
The Jurassic specimens of this family were predominantly represented by tegmina. The specimens described here are complete and thus reveal many details about the morphology of the Mesoblattidae. The presence of two sister species differing mostly in the male tergal gland can imply that they occupied different source habitats. A similar set of sister species is known in the Blattulidae (Vršanský 2003b ), but nowhere else in cockroaches. Cockroaches with sophisticatedly coloured parts imply that the habitats of the Yixian Formation inhabited by these cockroaches were humid (Ding et al. 2003) . Dry habitats are rather characterized by monochromatic and pale cockroach individuals.
Morphology (including microstructures, sexual glands and terminalia) is extremely similar to Piniblattella vitimica Vishniakova, 1964 of the family Ectobiidae ( = Blattellidae), which were descendants of the Mesoblattinidae (see Vršanský 1997) . Mesoblattinidae differ only in the following plesiomorphies: rich venation with local irregularities and with richly branched forewing Sc, specialized hind wing R1, branched hind wing M and in primitive reproduction with primitive ootheca.
The total number of forewing veins in Perlucipecta differs between the left and right wings in the same specimens. For example, it varies between 50 (right forewing) and 47 (left forewing) in the specimen CNU-B-NN-2011606 and between 43 (right forewing) and 44 (left forewing) in the specimen CNU-B-NN-2011610. These patterns show that cockroaches are often asymmetrical in their venation, as observed also in living individuals (Roth 1991) , amber specimens (Vršanský et al. 2011) as well as in other fossil specimens preserved in sediments (Liang et al. 2012) .
Intraspecific variability in wings (P. aurea) is revealed for the first time in this family (Hispanoblatta as a representative of the Blattellidae is not relevant). The coefficient of variation (CV) in the total number of veins (per wing) of P. aurea is relatively low (6.23 %). This can be associated with the higher age of the group at that time (since it originated in the earliest Jurassic), and fits well with the trend of the decreasing variability of insect species over time (Vršanský 2000) . For comparison, this value is relatively similar to the CV of similar Piniblattella vitimica from the Valanginian of Siberia of the Ectobiidae (4.11 %). In contrast, the CV of species from the Early Jurassic is 11.24 % (Vršanský & Ansorge 2007) . These coefficients of variation are also highly similar to those of species belonging to a different cockroach family, the Blattulidae, at the same locality (Elisama extenuata CV sum = 6.22 %; Habroblattula drepanoides CV sum = 5.72 %) (Wang et al. 2007a,b) .
To summarize, these exceptionally well preserved representatives of the ecologically significant family Mesoblattinidae extend the appearance of the advanced cockroach characters such as details of reproductive tract and micro-
